This article focuses on the cross-sectional imaging spectrum of abnormalities that affect the abdominal wall, with emphasis on magnetic resonance imaging (MRI). Cross-sectional imaging is valuable for diagnosing and evaluating the extent of abdominal-wall masses. With the increasing use of MRI, it is often possible to reach a diagnosis or narrow the differential diagnosis, thereby guiding effective management. Neoplastic and non-neoplastic pathologies will be illustrated, and the distinctive imaging characteristics of these entities will be highlighted.
Cross-sectional imaging clearly demonstrates the anatomy of the abdominal wall and provides valuable information when pathology is suspected in this region or in the adjacent peritoneum. Cross-sectional imaging can help differentiate the neoplastic from the non-neoplastic lesion, the surgical from nonsurgical pathologies, and the incidental abdominalwall findings from lesions with clinical significance. The most common abdominal-wall ''mass'' is a hernia. The type of abdominal-wall hernias, hernia repairs, or the complications of hernia repairs is an elaborate topic on its own and will not be covered in our pictorial essay. The current pictorial essay is a comprehensive review of the benign and malignant neoplasms, infectious, inflammatory, foreign bodies, and tumour-like conditions of the anterior abdominal wall.
Tumour-Like Lesions

Abdominal-Wall Endometriosis
Abdominal-wall endometriosis is defined as endometrial tissue that is superficial to the peritoneum. It is a common site of extrapelvic endometriosis that usually develops in a surgical abdominal scar after procedures that violate the uterine cavity, such as caesarean section. Abdominal-wall endometriomas complicate 0.03%-1% of cesarean sections and are usually the only manifestation of endometriosis in the body with no associated pelvic endometriosis. The typical presentation is a female patient with cyclical pain from a mass in scar tissue [1] . It presents as a solid mass that are iso-to mildly hyperintense on T1W and T2W, with or without small foci of high signal intensity that correlates with small hemorrhages (Figure 1 ). Mild-to-moderate contrast enhancement is present. Wide surgical excision is the treatment of choice.
Desmoid Tumours
Desmoid tumours belong to a group of disorders called fibromatoses, which are characterized by fibroblastic proliferation, without evidence of inflammation or definite neoplasia. Typically, these tumours occur in young, gravid women or, more frequently, during the first year after childbirth [2] . There also is an association with previous surgery, trauma, estrogen therapy, familial adenomatosis polyposis, and Gardner syndrome. They arise from musculoaponeurotic structures of the abdominal wall, especially the rectus and internal oblique muscles and their fascial coverings. These tumours usually do not cross the midline. A desmoid tumour does not metastasize but can invade locally and can recur. The imaging appearance on magnetic resonance imaging (MRI) depends on the stage of pathologic evolution. Stage 1 is characterized by abundant spindle cells with few areas of collagen and manifests on MRI as low signal on T1W, high signal on T2W, and homogeneous contrast enhancement. In stage 2, increasing central and peripheral collagen deposition leads to band-like low signal intensities on T2W, with these areas showing decreased enhancement after gadolinium administration. In stage 3, with the increasing fibrous deposition, there is decreased signal on T1W and T2W with decreased contrast enhancement ( Figure 2 ) [2] .
Anterior Abdominal-Wall Hematomas
Anterior abdominal-wall hematomas usually occur in the rectus abdominis muscle and result from damage to the superior or inferior epigastric arteries or direct tear of the rectus muscle. The common clinical presentation is abdominal pain, constitutional symptoms, or gastrointestinal symptoms, and the hematomas are often misdiagnosed as acute abdomen, inflammatory disease, or tumours of the abdomen [3] . Trauma, surgical intervention, blood dyscrasias, and anticoagulant therapy are the common causative factors. The hematomas usually are infraumbilical and almost never cross the midline. Below the arcuate line, the rectus lacks a posterior sheath, with only the transversalis fascia that separates it from the prevesical fascia; the hematoma is in direct contact with the peritoneum. They present as well-defined hyperdense rectus masses on unenhanced computed tomography (CT) and may show active contrast extravasation on enhanced CT. The appearance on MRI depends on the stage of the hemorrhage. Crosssectional imaging helps in the accurate diagnosis and can evaluate the extent of the hematoma and the presence of active bleeding ( Figure 3 ). Occasionally, old rectus injuries may result in a defect, with a pseudomass above or below the defect, and may mimic a rectus hematoma or mass.
Epidermoid Cysts
Epidermoid cysts are rare cystic lesions of ectodermal origin and can occur anywhere from head to toe. They usually are congenital but can be acquired after traumatic or surgical implantation of epidermal elements. Typically, epidermal cysts are well-defined round or ovoid lesions of high signal intensity on T2W MRI and low signal intensity on TIW images. In many cases, low signal components on T2W and high signal contents on T1W may be found to reflect the keratinized debris within these cysts [4] . Peripheral enhancement and, occasionally, peripheral calcification can be present ( Figure 4 ). 
Benign Neoplasms
Abdominal-Wall Vascular Malformation and Hemangioma
Abdominal-wall vascular malformation and hemangiomas are endothelial malformations more commonly seen in children and young adults. They present as lobulated masses with infiltrative features, a lack of respect for facial planes, and involvement of multiple tissue types, such as muscle and subcutaneous fat. Phleboliths are often seen. It is important to differentiate the high-flow malformations (hemangioma and arteriovenous malformations) from the low-flow malformations (venous, lymphatic, or mixed).
High-Flow Malformations
High-flow malformations are isointense on T1W to skeletal muscle and hyperintense on T2W, and show enhancing arteries and prominent draining veins as flow voids on spin-echo sequences and bright signal on gradient-echo and postcontrast sequences [5] . Hemangiomas, in contrast to the arteriovenous malformations, show T2 hyperintense solid tissue.
Low-Flow Malformation
The low-flow malformations do not have flow voids and show fibrofatty matrix with serpentine structures, which represent slow-flowing blood in the venous channels ( Figure 5 ). These venous channels do not enhance in the arterial-phase imaging but may enhance in the venous-or delayed-phase imaging. Lymphatic components of the malformation may contain cystic structures of various sizes.
Abdominal-Wall Lipomas
Abdominal-wall lipomas are usually painless and present as mobile superficial masses. Pain, tenderness, and compression of superficial nerves can be seen in 25% of cases. They are discrete encapsulated fatty lesions and follow fat density on cross-sectional imaging ( Figure 6 ). Usually, a thin capsule is discernible; calcification and septae are uncommonly present.
Neurofibromas
Neurofibromas are benign nerve sheath tumours, with multiple lesions being the hallmark of neurofibromatosis type 1. Cutaneous manifestations range from small pedunculated dermal neurofibromas to large diffuse and plexiform neurofibromas. The majority of neurofibromas are smooth, round, or tubular masses that may be tortuous along the axis of a nerve. They are homogenously hypoattenuating on CT due to myxoid and mucinous stroma. They typically are low signal intensity on TIW, heterogeneously high signal intensity on T2W and show mild-to-moderate contrast enhancement (Figure 7 ). ''Target sign'' (hyperintense periphery and hypointense center) and ''split fat sign'' (rim of fat around tumour) may be seen on MRI [6] .
Subcutaneous Leiomyomas
Subcutaneous leiomyomas are rare tumours and have a higher incidence in patients with AIDS. They are more commonly seen in children and young adults, and present as tender subcutaneous nodules. They are well-circumscribed single or clustered masses, and are typically iso-to mildly hyperintense on T1W and heterogeneous high signal intensity on T2W (Figure 8 ) [7] .
Malignant Neoplasms
Hemangiopericytomas
Hemangiopericytomas are slow-growing vascular tumours of the soft tissue derived from the pericytes of Zimmerman, which surround capillary walls. The most common sites are soft tissues of the upper and lower extremities, pelvis, and retroperitoneum. It is a well-circumscribed solid hypervascular tumour, which typically occurs in middle age. Homogeneous and centripetal enhancement is seen early in the arterial phase ( Figure 9 ) [8] . The presence of a vascular pedicle may be seen occasionally. Calcification and osseous erosions are rare. Size >5 cm, necrosis, and high mitotic activity favor malignancy. Careful lifelong follow-up is required because recurrence and metastases can develop after extended disease-free periods.
Dermatofibrosarcoma Protuberans
Dermatofibrosarcoma protuberans is a spindle-cell tumour that typically arises in the dermis and is characterized microscopically by fibroblasts, with a prominent storiform pattern. They present as slowly growing reddish-brown nodules fixed to the skin; the trunk is the most common site of involvement. On imaging, a dermatofibrosarcoma protuberans presents as a multinodular noncalcified mass that arises from the skin and extends into subcutaneous tissue [9] . There usually is mild to moderate enhancement ( Figure 10 ). Imaging helps to delineate the extent of the lesion. Local recurrence is seen in 20%-55% of cases, and metastases are seen in 5% of cases [9] . They are treated by wide surgical excision, and the prognosis is good if the surgical margins are adequate.
Metastases
Metastases are the most common malignant lesions seen in the anterior abdominal wall. They usually are a sign of widespread disease (Figure 11 ). Common tumours that metastasize to the abdominal wall include melanoma, breast, stomach, colon, ovary, cervix, pancreas, kidney, bladder, and lung. Metastasis to the surgical wound or laparoscopy trocar site and needle-tract seeding in radiofrequency ablation (RFA) also leads to abdominal-wall metastases (Figure 12 ). On imaging, the metastases present as well-defined lesions with heterogeneous or peripheral enhancement. Differential diagnosis includes abscess; clinical correlation or biopsy usually helps in reaching the correct diagnosis.
Metastatic Spread to a Laparoscopic Site
Metastatic spread to a laparoscopic site is suspected in patients with known carcinoma and who develop maculopapular eruptions, nodules, or plaques, and these should be promptly biopsied. Metastasis to the surgical wound or laparoscopy trocar site, in contrast to primary abdominal-wall metastases, may not be associated with widespread disease.
Needle-Tract Seeding in RFA
Needle-tract seeding in RFA that leads to abdominal-wall metastases is a rare complication, and the risk factors include Figure 9 . A 32-year-old woman with pain and swelling in the right flank. Axial contrast computed tomography, revealing a homogenous avidly enhancing lesion (arrow) in the lateral muscles of the right abdominal wall. Hemangiopericytoma was confirmed on surgical excision. Figure 10 . A 37-year-old man with a painless slow-growing mass in the umbilical region. Axial contrast computed tomography, revealing a nodular heterogeneously enhancing mass (arrow) arising from the skin and extending into the subcutaneous tissues. It was treated by wide surgical excision, and histology confirmed dermatofibrosarcoma protuberans with a few foci of fibrosarcoma within it. the subcapsular location of the treated tumour and poorly differentiated tumour. These metastases may grow very slowly, and a long follow-up period is essential. The precautions to prevent needle-tract seeding include (i) using a minimum number of punctures and repositioning of the electrode, (ii) using a sufficient portion of normal hepatic parenchyma along the needle tract, (iii) avoiding treating exophytic tumour, and (iv) using ''hot withdrawal,'' ablate the needle tract during withdrawal.
Lymphoma
Lymphoma may involve the skin, subcutaneous tissues, and muscles of the abdominal wall by contiguous extension or as isolated nodules. The imaging appearance is nonspecific, and the diagnosis is primarily based on diffuse or systemic lymphoma involvement (Figure 13) . The subcutaneous T-cell lymphomas include (a) Mycoses fungoides or cutaneous T-cell lymphoma, which progresses from eczematous skin to plaques to subcutaneous nodules; (b) subcutaneous panniculitis-like T-cell lymphoma, which presents as multiple enhancing subcutaneous nodules; and (c) anaplastic large-cell cutaneous-type lymphoma, which progresses from plaques to skin thickening to tumoural mass.
Sarcomas
Sarcomas, rarely, may occur in the abdominal wall, with liposarcoma and malignant fibrous histiocytoma being the common pathologic types [10, 11] . Imaging appearance is nonspecific and is used to delineate the depth of infiltration of the lesion (Figure 14) . Imaging can help differentiate simple lipomas from liposarcomas with thickened or nodular septa (generally >2-mm thick), associated nonadipose masses, prominent foci of high T2 signal, and prominent areas of enhancement that favor the latter [11] . Liposarcomas are divided histologically from indolent to aggressive; the myxoid form is well differentiated and is at the indolent end of the spectrum, whereas the round cell form is at the aggressive end. Myxoid liposarcoma occurs most frequently in the intermuscular fascial plane or deep-seated areas; rarely, it may occur in subcutaneous areas. Fat content of these tumours is <10% to 25% of tumour volume, and MRI may not show typical features of a lipomatous tumour. Figure 13 . A 25-year-old man with diffuse systemic lymphoma and involvement of the abdominal wall. Axial computed tomography, revealing a large mesenteric mass lesion (black arrow) that encased the vessels, characteristic for lymphoma. A noncontiguous lymphomatous deposit (white arrow) is also seen in the left rectus muscle. Figure 14 . 
Osseous Tumours
Osseous tumours that arise from the lower ribs may present as abdominal-wall masses. Chondrosarcoma is the most common primary malignant tumour of the ribs, and the origin of the mass from the rib and scattered chondroid matrix points to the diagnosis (Figure 15 ) [10] .
Infectious and/or Inflammatory
Anterior Abdominal-Wall Abscesses
Anterior abdominal-wall abscesses are usually postoperative or secondary to infected hematoma or an underlying disease such as Crohn (Figure 16 ). Uncommonly, primary fungal or tubercular abscesses may occur in the muscles or soft tissues of the anterior abdominal wall ( Figure 17 ). Primary tubercular abscess in the abdominalwall muscles is extremely rare due to high lactic acid content of muscles, the lack of reticuloendothelial tissue and lymphatic tissue in muscle, and the abundant blood supply of muscles. If present, then it usually is a contiguous extension from an adjacent structure. Rarely, primary skeletal tubercular abscesses may develop.
Necrotizing Fasciitis
Necrotizing fasciitis is a progressive necrotic infection of the skin and subcutaneous tissue with thromboses of microcirculation, which results in necrosis of soft tissue, destruction of muscle, and liquefaction of fat. There may be a destructive course of infection through underlying tissue planes without devitalization of the overlying skin (the ''iceberg effect'') Soft-tissue gas dissecting along fascial planes is the characteristic appearance on CT (Figure 18 ). CT helps in diagnosis and delineating extent. This condition is a surgical emergency, and extensive debridement is essential.
Cutaneous Cysticercosis
Cutaneous cysticercosis is often a clinically indolent disease but is a pointer towards the central nervous system Figure 17 . Fat-saturated contrast-enhanced T1W magnetic resonance imaging, revealing a ring enhancing lesion (arrow) in the left rectus muscle, which was surgically proven to be a primary tubercular abscess. Figure 18 . Necrotizing fasciitis in a 59-year-old man with diabetes mellitus. Axial computed tomography, revealing gas dissecting along the superficial fascial planes (arrows). Figure 19 . A 14-year-old patient with subcutaneous and intramuscular cysticercosis. Axial computed tomography, revealing multiple calcified lesions in the subcutaneous tissues (dashed arrows), in the gluteal muscles (solid arrows), and in the retroperitoneum (arrowheads). The patient also had central nervous system involvement, with multiple ring and disk enhancing lesions in the brain (not shown). and visceral involvement. It presents as subcutaneous nodules that mimic lymphadenopathy or benign mesenchymal tumours. On imaging, these nodules can present as cysts or masses but most commonly as calcifications, which represent scars of previous infection (Figure 19 ) [12] .
Foreign Body Granulomas
Foreign body granulomas occur due to attraction of macrophages to a foreign body, which results in giant-cell and granuloma formations. Foreign body reaction is not a commonly anticipated diagnosis, and this may lead to a diagnostic dilemma, especially in patients with concern for recurrent malignancy and/or metastases. Foreign body granulomas present as well-defined masses that mimic tumours (Figure 20) . Calcification is commonly seen [13] .
Foreign Bodies
Various iatrogenic and noniatrogenic foreign bodies may be seen in the anterior abdominal wall, many of which have a characteristic appearance on cross-sectional imaging.
Gall Bladder and Stone
Extraction of gall bladder through narrow port sites in laparoscopic cholecystectomy may result in spillage of stone into the abdominal wall at the trocar site ( Figure 21) [14] . These may result in abdominal pain or complicate with abscess formation.
Autologous Bone Flap
Autologous bone flap after decompressive craniectomy can be stored in the abdominal wall, and the rich vascularity of the abdominal wall helps to maintain the viability of the flap (Figure 22 ) [15] . 
Conclusion
Various abdominal-wall lesions have characteristic MRI and CT imaging features. The ''tumour-like lesions,'' such as endometriosis, desmoid, and hematoma usually have a characteristic appearance on cross-sectional imaging, in particular, on MRI, thereby aiding a confident diagnosis. CT and MRI detect the fat and cystic content within a lesion, and benign lesions such as epidermoid cysts and simple lipomas can be differentiated from their malignant counterparts. Malignant lesions, such as sarcomas, lymphoma, metastases, and smooth-muscle tumours, often have a nonspecific appearance, and the diagnosis is usually made on biopsy or is based on a history or other secondary findings in the body. In these cases, imaging allows a detailed evaluation of the extent of the disease and formulating an approach to biopsy.
